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ACETYLATED HETEROLOGOUS POLYPEPTIDES 
FIELD OF INVENTION 

This invention is in the fields of microbiology and protein 
chemistry. More particularly, this invention relates to fermentation 
5 processes for producing recombinant heterologous polypeptides, 
particularly bovine somatotropin (rbSt) and a novel rbSt produced 
thereby . 

BACKGROUND OF THE INVENTION 

Synthetic and chemically defined media for cultivating micro- 

10 organisms are well known. Conventional nutrient media for cultivat- 
ing bacteria have been used to grow recombinant bacteria that produce 
heterologous polypeptides. Decreasing the amount of expensive amino 
acids in growth media, while at the same time keeping expression of 
good quality heterologous polypeptides at a high level, is desirable. 

15 During fermentations in such media, production of novel acetylated 
analogs of heterologous polypeptides, for example rbSt, can be 
accomplished. 

Naturally occurring bovine somatotropin (bSt) , or growth 
hormone, can be purified from the pituitary glands of cattle as a 

20 mixture of heterogeneous proteins (Paladini, A. C. et al. ( 1983. CRC 
Reviews in Biochem. , 15:25-56). Undefined electrophoretic hetero- 
geneity is seen when native bovine pituitary extracts are frac- 
tionated by anion exchange chromatography (Hart, I.C. et al., 1984. 
Biochem. J., 218:573-581). Pituitary bovine somatotropin (pbSt) 

25 exists in isoforms which differ in isoelectric point (pi), with the 
most abundant form of pi 8.2. bSt is known to possess sites that can 
undergo deamidation, resulting in an increase in the number of lower 
pi forms which are seen as clusters of closely- spaced bands on 
isoelectric focusing at pi 7.0, 6.0, and 5.5 (Lewis, U.J., et al., 

30 1970. Biochim. Biophys. Acta., 214:498-508; Secchi, C. , et al. , 1986. 
Int. J. Peptide Res. 28:298-306). 
INFORMATION DISCLOSURE 

Acetylation of bovine somatotropin, principally at the e- amino 
groups of lysine residues, results in a reduction in the positive 

35 charge of the protein due to the neutral nature of the acetyl moiety, 
thus producing bSt species with reduced pis. Methods for chemical 
acetylation of bSt have been reported, but such means result in many 
acetylated products because of reactions with several other amino 
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acids in addition to lysine (Oikawa, A. , et al 1967 Bioch en , T 

i::::t ? s&tz> v - b - and j - a - ~ ™^tv. 

Protein Res. 18:492-499). ■ pwae 

5 T^ 1 " 1 "" " """"^ '» "™ »• A 

modified by acetylation (Narita K 1958 R ,- u- 
28-184 101% cv Biochun. Biophys. Acta. 

!va b SUbSe ^' • l« g e number of proCeins> including 

ova Ib^n, egg albumin, hemoglobins, and histones> have ^ ^ J 
contain acetylated amino acids (Harris J t Ioco 

» ~ ; — . ,. »«. -L.^. ..." ITrj: 

Phillip,, H.„. P ., 196J . , ioche< e7 .j 5 ,. 2S ="534. 

~ : r-— - ™< - ~::::;r.: 

viruses (Driessen, H.P.C. et al 1985 ror ^ , 
15 18-281-325^ r , Cm - Rev " Biocb*.., 

soill ' " ^ bCen SU8geSted th « of th 

aLT; 111 ;;" ^1-d (Bro. 

J.L. and W.K. Roberts, 1976. J. Biol. Chen,., 251:1009-1014) * 
acetylation appears to be a non-random process as alJ ' 
residues are the pr llB e taraets whJ . 

-ids are not known to be ^-Jtylated C^d K ' T 
Biochen., 50:783-814) ' W * Rev " 

« they are specific for the «-amino group of lysine «, T 
in f4«* .~ • i 6*««p oi Ays me and are located 

in the nucleus or cytosol. while the N°-acetylases appear to 7e 
ribosome-associated (Sterner, R. et al l 97 o . 
254:ll 577 .ii 583: Pestana, A. and H C „ " „ 7 " ^ ^"'i 
- U,^, Pestana> , Md ™- -chemistry, 

14:1404.1412). However, both types of , Biochemistry., 

transfer of acetyl from a etyl CoaT Z^ 1 "" C " a1 ^ the 

N«-acetvl.M Pr ° teinS (W ° ld ' F " «*»>• 

-acetylation of lysine residues was first- «*. 

histones H3 and H4 (Allfrey V G I , Z ^ 

Few proteins obtained from rscherichia coll strains have been 
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reported to be acetylated. The £. coli pyruvate dehydrogenase 
complex is acetylated at lipoyl residues which are linked to N c - 
amino groups of lysine resides on the protein (Adamson, S.R., et al. f 
1986. Biochem. Cell Biol., 64:250-255). Most reports concerning 
5 protein acetylation in £. coli have concentrated on acetylation of 
ribosomal proteins. t^-acetylations of serine residues on £. coli 
ribosomal protein L7 (to produce protein L12) and alanine residues on 
ribosomal proteins S5 and S18 have been described (Brot, N. and H. 
Weissbach, 1972. Biochem. Biophys. Res. Commun. 49:673-679; Wittmann- 

10 Liebold. B. and B. Greurer, 1978. FEBS Lett., 95:91-98; Yaguchi, M. , 
1976. FEBS Lett. 59:217-220). . 

There are no previous reports of acetylated heterologous 
polypeptides produced by host microorganisms, e . g. , £. coli, and 
there are no previous specific reports of acetylated bSt. 

15 SUMMARY OF THE INVENTION 

The present invention relates generally to fermentations for the 
production of acetylated heterologous polypeptides , particularly 
analogs of recombinantly- produced bovine somatotropin (rbSt) and the 
novel rbSt produced thereby. 

20 More specifically, the present invention relates to a method to 

produce an acetylated analog of rbSt by growing microorganisms on a 
defined fermentation medium having a low concentration of amino 
acids . 

More specifically, the present invention relates to a novel 
25 acetylated analog of rbSt. 

More specifically, the microorganism is a recombinant micro- 
organism and the rbSt so expressed is a heterologous polypeptide. 

The present invention also relates to methods for preventing 
production of acetylated rbSt by replacement of specific lysine 
30 residues with arginine and/or glutamine residues, and the novel rbSt 
molecules so produced. 
DETAILED DESCRIPTION OF THE INVENTION 

As used herein, "heterologous polypeptide^)" refers to polypep- 
tides not naturally synthesized by a transformed host microorganism 
35 of interest. For example, an £. coli host may produce bSt, insulin, 
interferon, etc. The polypeptides so produced are called "heterolo- 
gous polypeptides." Of particular interest in the context of this 
invention are those heterologous polypeptides comprising mammalian 
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somatotropins, e.g., bSt. 

As «< „.„ ln , loy „„„ 

-ta. .dd, vhl ch „ too . — Of „o g . rous . 

with £ „Ii w J hKral <*»- PolW^tl*. 

supplement, ihe "1™ % yeast extract 

- — — j: — :r rr ,:r ■ : — » ■ 

mM each. ' h is less about 0.05 

Recombinant host microorganisms used in t«i « 
by recombinant DNA techniques well faT t " ^ 
- -t forth, for example in L " ^ SkiUed fa th < « 

- a!., Cold spring Harbor "T" * ^ ' « 
Holecular Cloning, Perbal B 4 P " e " Ml Culfl "« «• 

-V «»f the veil known hosts suitabi , ■ include 

heterologous genes and including 7 Cl<ming "* ^""^ 

^ heterologous polypeptide-producing reco^M 
organisms are cultivated in l lqul /J^ ' ^ 

comprises an excess of conventional nutrient mat ^' "ledium 
cellular growth requirements of 7 ^ 

30 enabling the microorganism to gr^w * ^-org^ism. thereby . 
cellular density. This material in ! ^ ? * * * Predete ^ 

- — - as ™ 

copper, zinc, manganese, andiron L potassium, 

- of protein h y drol y sates ^ If^"" - " ^ 
35 occurring proteinaceous materials L* SUbJectln * ^turally 

-—.animal tissue, ^ " ZT^T T' 
enzymatic digestion. Mixtures of p„ re ^ «f " 

^ge„ is also provided to Z &U ° U 

P ovided to the medium. to achieve maximum 
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culture densities, the cultivation will usually be done in a way to 
enhance the area of the oxygen/liquid interface. 

Important environmental factors affecting the cultivation 
include pH and temperature. The temperature will range between the 
5 minimum and maximum growth temperatures. Most bacteria exhibit 
maximum growth over a fairly narrow temperature range. For meso- 
philic bacteria, such as £. coli, the optimum temperature range is 
about 25 °C to about 42° C t preferably about 37°C. Most organisms will 
tolerate hydrogen ion concentrations ranging over several pH units. 

10 For bacteria, such as E. coli, the tolerable pH lies in the range of 
about 6 to 8, with about 6.8 being preferred. 

If expression of a gene encoding a heterologous polypeptide is 
under control of a repressible expression control sequence, one can 
specifically repress expression of, that gene until a predetermined 

15 level of growth is reached by the cell culture by adding an ap- 
propriate repressor to the medium (e.g., tryptophan when expression 
is under control of the tryptophan promoter and operator). 

After harvest, the cells are processed to recover the heter- 
ologous polypeptide. This normally involves disrupting the cells, 

20 separating crude heterologous polypeptide from bacterial proteins by 
one or more extraction steps, solubilizing the polypeptide (depending 
upon its hydrophobicity) , oxidizing sulfhydryls to form proper 
disulfide bonds, when appropriate, and further purifying the polypep- 
tide by ion exchange chromatography, gel filtration, high performance 

25 liquid chromatography or other protein purification procedures. 

We have been running fermentations to produce heterologous 
polypeptides by recombinant microorganisms, for example, rbSt in £. 
coll K-12 strains. These fermentations involve "low yeast extract" 
fermentation media containing 0.1% yeast extract, and effectively 

30 support over-expression of polypeptides in recombinant microor- 
ganisms . 

Due to the molecular heterogeneity of somatotropins, the 
position numbers of amino acid residues of the various somatotropins 
may differ. The term "native mammalian somatotropin" includes these 
35 naturally occurring species. Chart 1 illustrates the specific amino 
acid sequence of one species of bSt. The numbering for other somato- 
tropins may differ where analogs are involved. Those of ordinary 
skill in the art can readily locate corresponding amino acid sequen- 
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in alternative native kalian somatotropins or their analogs 

isoell tricar ^ iS ° f0rBS ^ 10 '™ 

isoelectric points. The BO st abundant for. exhibit, a pi of 8 2 

«» clusters of closely- spaced bands being evident on isoelectric 
5 focusmg at pi 7.0. 6.0, and 5.5. RbSt was also f » 

Z:i: v: t~ *- - - ••» ^ <>» »>. «r. 

najor shift to species with lower isoelectric points &tan • 

l~.tpor.fd b.r.in by refer*..). ' *" h " 

Ieol.ted rbst nhich cont.in.d . repl.c.ne „f ... 

-* «* „ o£ ,.o, «... _ s p 0 . ;r P ; ; 0 „~ 

for ~ - - 

n.t.ri.1 ,f „ elve rbst ( P 

and 180 (chart n imm. _ es i37 » 167 » 171, 

kcnart l) . Without such single acetvl*t^« e 
8 2 woulH Ka v acecyiations, a native pi 0 f 

The purposeful ecetylatlon of lysine residues during fementa 
tion. for protein overexpreesion .a,. mllA1 . ™ f • r ™ ,, "■ 
proteins «th grater res!,.. '* ** ■*>*•«■. of 

• — - ^iTp^ri'irir 7 "' •» 

"H«ts. mrtnemore. ss Lty"f £TZT 

.-up r.. ult . „ . „ doctl „ ot jx^^:: t r '" 

-t per se.tyl.tion, sue. polypepn... ^/ J^.d « M 1 
-optibl. to owing by tb. llte7 . ftoo ^ T 
— 1 .dnlnistsred tb. „.,„.,..„,. '» «' • 

"P"ted to W.„. rb. MMmty of rtst * ~" — ^ 

for isolstlon „d fomolsti.,. co """«» «•« 

On ». ntber bend, it n.y be de.lr.bl. to produe. tM t rt tb«t 
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15 



20 



25 



30 



35 



acetylation at lysine residues. This would allow production of 
homogeneous products with attendant savings in product purification 

The acetylation of specific lysine residues during fermentations 
for the overexpression of rbSt was unexpected, and the mechanisms of 
such acetylation are not known. Prior to this invention there were 
no known fermentation means for obtaining rbSt with acetylations at 
lysine residues. Furthermore, there were no known means for prevent- 
ing the acetylation of specific lysine residues during overexpression 
of rbSt. 

Bacterial cultures: call strain DU45 was used. This strain 
was derived from a wild-type strain of E. coll K-12 (ATCC e23716) by 
removal of the lambda prophage and the F plasmid and by introduction 
of the rpoMlU allele. This strain was then transformed with plasmid 
pURA.99Ser.M4, a temperature-sensitive runaway replication vector 
derived from plasmid pURA-4 and containing a gene encoding bSt (PCT 
Patent application PCT/US 88/00328, incorporated herein by reference) 
having the asparagine at residue 99 (Chart 1) replaced with serine 
(see copending U.S. application S.N. 07/299,107). 

Culture Media: The defined media were based upon medium E of 
Vogel and Bonner (Vogel, H. J. and D. M. Bonner, 1955. J. Biol 
Chem., 218:97-106). The compositions and protocols for preparing the 
primary-seed and fermentation media are as follows: 

Primary. S,»H Hf^-ffl 

£fifflEfiaSB ^ Amount n „ T|j ^ r 

Na(NH 4 )HP0 4 -H 2 0 1Q 9Q ■ 

2.61 g 

Citric Acid-H 2 0 2 10 

MgSC- 4 .7H 2 0 0 ' 99 * 

(NH 4>2 S <>4 o.66 g 

Yeast Extract 1Q ^ g 

GlyCero1 5.00 g 

R.O. Water 

For primary-seed cultures, the above components were hydrated 
with water (reverse-osmosis grade, R.O.) by to 1000 b1 , and 

divided into 300-ml volumes prior to sterilization. Seed medium was 
sterilized for 20 minutes at 121'C. Following 8ter ilization, the 
seed medium was allowed to cool, and 0.5 ml sterile ampicillin (25 
g/Uter in R.O. water titrated to pH 8.0 with NaOH and filter 
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sterilized, 0.45 pm) was added. 

Fermentflfi pn Marif nn, 

Component- 1> 

Amount pgr Tj rf .- 

Citric Acid (anhydrous) 1 g2 

MgS0 4 .7H 2 0 

Yeast Extract „ A 

iU SAG4130 6 

R.0. Water 

The fermentation medium was vm^-A u , 
15 th.n .frilled te M , fen »»"«»» ~«u. 

chock.* to cooflr. . .H of « . „ S T ,f "* di,,m ~ 

Cl2'«H 2 0, 120,*;. CuSO, 25 5 \- m r. , 3 3 ' l '' Co " 

-.i had ^ 4 ( n 5 2ns04 - 7H2 °' 

second addition consisted of l 5 Uters , ** 
25 q.s. to 14 liters with R 0 L , kfi Cerel °" 

- dentation Ji^ ~ ~ " " ^ ^ W 
inoculation. ' t0 PH 7 ' 2 ^ 25 » ** prior to 

The low yeast extract fermentation medium contained 0 l, 
extract for DU45 cultures contained 0.1% y ea st 

Eech primary-seed culture was inoculated with the 
one culture ampoule (about 1 * , contents of 

f «xe taDout 1 ml) and incubated at 28«r ^ 
density of 0.7 to 0 8 a „ t0 a cu lture 

%* , 55 °- Moving incubation each ,»,, 

35 culture was placed on ice D rW / Primary-seed 

fermentors. ah " " f t0 Nation of the 

a-Picillin to " eld cuW? T"" ~ 

bearing bacterid D04 T f ^ "^"^^ * U * 

ria. DU45 fermentations were initiated by inoculation 
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with a 600-ml inoculum. Fermentor pH was controlled with anhydrous 
ammonia to maintain the pH at 7.2 to 7.4. Fermentor agitation and 
aeration rates were set at 320 rpm and 300 slm, at a backpressure of 
10 psig. Cultures were grown, at a permissive temperature of 27°C. 
DU45 fermentations were maintained at 27 °C throughout, because 
plasmid runaway replication and rbSt synthesis were spontaneously 
induced (PCT patent application PCT/US 88/003280) . 

Culture aliquots were removed at various times from the primary 
seeds and fermentor and subjected to a series of analytical proce- 
dures to quantitate the culture density (absorbance at 550 nm) , total 
bacterial dry weight, total rbSt concentration, glucose concentra- 
tion, free ammonia concentration, acetate concentration, and micro- 
scopic identification and quantitation of inclusion bodies. 

Purified rbSt preparations were derived from fermentation 
cultures of strain DU45 and subjected to isoelectric focusing (IEF) 
to quantitate the levels of acetylated rbSt (pi 7.0 vs. 8.2 species 
of Ser99-rbSt). The greater the level of pi 7.0 rbSt, the greater 
the fraction of total rbSt in the monoacetylated form. IEF was 
performed in 1 mm thick horizontal slab gels of a 5% T, 3% C composi- 
tion and with a pH range of 3.5 to 9.5 (LKB PAGplate 1804-101). Gels 
were run in the absence of any denaturant at 1500 V maximum and at a 
constant power of 30W at 10° C. Gels were fixed for 30 minutes at 
room temperature in aqueous 11.5% (w/v) trichloroacetic acid, 3.5% 
(w/v) sulfosalicylic acid. Staining was performed for 10 minutes at 
25 60 # C with 0.1% (w/v) Coomassie Blue R250 in 25% ethanol:8% acetic 
acid. Gels were destained in 25% ethanol:8% acetic acid. Quantita- 
tion of rbSt species in IEF gels was done using a LKB laser den- 
sitometer. 

Fermentation samples were obtained during the course of a low 
yeast extract fermentation and the levels of monoacetylated rbSt (pi 
7.0 form of Ser99 rbSt) quantitated by IEF. The data in Table 1 show 
that the level of monoacetylated rbSt species in rbSt preparations 
ranges from a fractional percent of 24.9% to 34.7% during the course 
of the fermentation. Furthermore, these data show that the level of 
monoacetylated rbSt species is significant in early fermentation 
samples (e.g., 17 hours post- inoculation) and remains relatively 
constant throughout the duration of the fermentation. 
EXAMPLE 2 Site-Directed Mutagenesis of the Lysine Codons at 



20 



30 



35 
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Positions 157, 167, 171 and 180 of a rbSt Gene 
Containing Serine Codon Substitutions at -Positions 99 
181 and 189. 

1. H» ^nmu, „, . tut go™ „„„ 4nI ^ codraa for 

setl1 " " Positions 99, 181, „rf 189 . 
The rbSt g.p. M . d f „ a,. MitlMim f ^ 

ly. «. i. d.,to„d b4, ». , 4 geM cmttvctlon beei> 

~ljr MM <PCT p. Mt .„,u„ a „ PCI/us 88/0 03 28 >. ^ „ 
"7 1.9. Tb. eoostrooto ot ^ ^.^.^ 

™rr Ast e,oe vitt * 5 " ^,, • >, * stl ~ tl " , - — *■ » «-■• 

forth 1, co,^ „.s. . pp l,o. tlo „ s .„. 
™«„ o f «. veetot pra . bst .^. s „ m/ , ^ ^ 

15 IT S " b " ln '«<- « fO'itlon, 1,1 ^ 18 , l5 .„ 

15 tob ^ „,. wllwlon S B • 

J.ooor, 1989 .„d lpo.rpor.ted h.r.lp by r.tono. 
A - rbSt g .„ „ nt>lrins s „ lM ^ k 

r..trio«„p „ t a,. vecto „ ^ ^ 

bp to»„t ... i.ol.r.d frai 

Pto-fr. tb. ^ rib..o„ bl^ (tls) ^ j£ 

..ourno. for tbo rbSt ^-99s.r .„ 8 

rb " " ^ — C °<°"» W- »< - 1" io rbe 

» vocror ^ fM . tte pM ,. bSt ^. s „ 181/9 „„ J"' ™ 

«— for tb. 181 ^ , ,.^ 5 

-.op ~di.io.nop,. n„ ^ i.oi.t.d fIWIt . Mt . 

<"cr t b.d pr.vtoly (PCI/0S !8/00328) ^ „ M « " " 

-P.t~t o.U. . £ colI .„. lB Wlm ( „. 1Ubu ta -J~ 

to ??, B "*° r ' fev " orW - *— ■» ™ fr» 2: 

»£ the ..np. oodop, « po.lrloo. „. 181 , ^ * « 
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vectors was designated pDH-m4-TS (Triple Serine). 

2. Cloning of a fragment from pDH-m4-TS into M13mp9 
The site-directed mutagenesis methodology employed requires 
cloning the target sequences into the M13mp9 vector. M13mp9 was 
5 provided in a "Site Directed Mutagenesis Kit- (Boehringer Mannheim 
Biochemicals, Indianapolis, IN). The M13mp9 dsDNA and the pDH-m4-TS 
vector are digested with the restriction enzymes Pstl and BamHI. 
Each restriction enzyme cuts M13mp9 and pDH-mA-TS once. The diges- 
tion of M13mp9 generates two fragments, one of which is not detec- 
table on gels. The visible M13mp9 fragment (approximately 7,230 bp) 
was isolated. The digestion of the P DH-m4-TS generates two fragments 
which have the approximate sizes of 3200 and 310 bp. Both fragments 
were isolated. The smaller fragment contains the rbSt coding 
sequences corresponding to amino acids 91 through 191, and includes 
15 the lysine codons at positions 157, 167, 171, and 180. The 310 bp 
fragment and the M13mp9 fragment were ligated and used to transfect 
competent cells of BHM 71-18 (this strain was provided in the 
mutagenesis kit. supra). The methods used for the transfection. 
identification of plaques containing inserts and isolation of single- 
20 stranded DMA (ssDNA) have been described (Messing. J.. 1983. Meth. 
Enzymol. 101:20-98). Plaque formation was performed in the presence 
of a /J-galactosidase indicator. X-Gal. and IPTG (available from Sigma 
Chemical Co.. St. Louis. M0) as described by Messing (supra). ssDNA 
was prepared and the presence of the 310 bps fragment was confirmed 
25 by DMA sequencing. The vector was designated M13mp9-181/9S. 

3. Substitution of the lysine codons at positions 157, 
167, 171 and 180 to arginine codons. 
The mutagenesis protocol provided in the Boehringer "Site 
Directed Mutagenesis Kit" was used. The M13mp9 rev dsDNA was 
digested with the restriction enzymes EcoRI and Hindlll. The 
protocol is briefly described as follows: approximately 1.25 pg of 
ssDNA of M13mp9-181/9S was hybridized to 0.5 „g of EcoRI/Hindlll cut 
M13mp9 rev dsDNA In the presence of the hybridization buffer provid- 
ed. The annealing is performed by heating the mixture to 100*C for 4 
minutes followed by slow cooling to 65"C. The mixture (40 pi) is 
maintained at 65'C for 20 minutes and is placed on ice. This 
produces a dsDNA molecule containing a single -stranded gap over the 
target DMA sequence. 8 «1 of the gapped mixture is added to 2 pi of 



30 
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oligonucleotide with the a«ini„ ., . equence ot the 

follows- n ChangeS is as 



5 ' GM ACG ACG GGA CAT AAC CCT CAG GTA CGT CTC CGT ACG ATG 
^ CAG GTC QCG CCG GAA GCA GGA GAG CAG ACC GTA GTT A££ GAG CAG CGC 

2uT; 18 aW,ealed ty inCUb " ing " "' C f - ^ "inutes and slow 
cooling to room temperature. After priinirig . ^ remainder 

gapped ssDNA region is .converted to dsDNA by fim B , , T 

of dNTP Tii n NA i- , y fillln 6 ^ the presence 

or flNTP, T4 DNA l lgaS e and Klenow for 45 minutes at r 0 «™ - 

for 10 minutes. The reaction mixture is use to transfer 

cells of BHM 71 - 18 ^ transfected ^ ~ "mpetent 

in LB broth and a M13 phage stock is prepared from th ^ 
^e M13 phage are then plated on MK30-3 aT nl " 
20 ssDNA is nrenar^ r, PlS(JUeS "* chosen «* 

* " q l~ s Wlth ^ deSi " d — - -tified 

*. Cloning the rbSt fragment containing the lysine-to-arginine 
changes into the pORA expression vector. 



25 



30 



35 



Double stranded M13 DNA is prepared from the lysine-to-arginine 
M13 phage as described by Messing (supra). The DNA is « T 
the restricts »«j , ls di g es ted with 

«ie restriction endonueleases Pstl and BamHI tm. 

.r - ---- vr.™ f ™ 

candidate with the desired changes (99ser 157 fl „ ,« 
bp lT M t " " C,;M: ° f *~i-«J 2.80. 
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10 



15 



20 



sequence occurs over the codons for amino acids 186, 187 and 188 
The'pURA-BStm4-181/9 vector described in copending U.S. patent 
application S.N. 07/304,733, was digested with EcoRI and BamHI. This 
digestion produces vector fragments of about 5,000 and 850 bp. The 
5,000 bp fragment was isolated end ligated to the 850 bp fragment 
from pDH-m4-TA/QA. The ligation was used to transform MC1000 
competent cells. Vector DM is isolated and analyzed by restriction 
and sequence analysis. Since the P URA-BStm4-181/9. vector after 
digestion with the above enzymes still retains the serine substitu- 
tion at position 189, the final vector contains the changes of 99ser, 
157arg, 167arg, 171arg, 180arg, 181ser and 189ser. The vector was 
designated pURA-m4-TS/QA and transformed into the BST-1C strain (PCT 
patent application PCT/US 88/00328) for fermentation evaluation. 
With arginine residues at positions, 157, 167, 171, and 180, acetyla- 
tion of the lysine residues is prevented and the concomitant occur- 
rence of rbSt species with lower isoelectric points is avoided. 

Similar methods can be used to replace the lysine residues at 
positions 157, 167, 171, and 180 with other acceptable amino acids, 
for example, glutamine. Similar methods can also be used to replace 
other lysines in other heterologous polypeptides which are subject to 
a similar acetylation process. Such acetylated molecules can be 
determined by the methods set forth herein. 
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TABLE 1 

LEVELS OF PI 8.2 AND 7.0 RBST SPECIES IN 
LOW YEAST EXTRACT FERMENTATION 



Fermentation Fractional Percent rbSt Species 

Sample 1 - ft , 

P 1 8 - 2 pi 7.0 



17 hrs 


71.4 


28.6 


19 hrs 


65.3 


34.7 


22 hrs 


72.9 


27.1 


26 hrs 


75.8 


24.9 


33 hrs 
1 - 


75.0 


25.0 



*- *«^uioLiun, opontaneouf 
induction of rbSt synthesis occurred at approximately 15 
hours post -inoculation. 
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CHART 1. Amino Acid Sequence of Bovine Somatotropin 



10 

ala phe pro ala met ser leu ser gly leu phe ala asn ala val 



10 



20 30 
leu arg ala gin his leu his gin leu ala ala asp thr phe lys 

40 

glu phe glu arg thr tyr ile pro glu gly gin arg try ser ile 

50 60 
15 gin asn thr gin val ala phe cys phe ser glu thr ile pro ala 

70 

pro thr gly lys asn glu ala gin gin lys ser asp leu glu leu 

20 , 80 90 

leu arg ile ser leu leu leu ile gin ser trp leu gly pro leu 



25 



35 



40 



100 

gin phe leu ser arg val phe thr asn ser leu val phe gly thr 



ser 



no 120 

asp arg val tyr glu lys leu lys asp leu glu glu gly ile 



130 

30 leu ala leu met arg glu leu glu asp gly thr pro arg ala gly 

140 150 



gin ile leu lys gin thr tyr asp lys phe asp thr asn met arg 

160 

ser asp asp ala leu leu lys asn try gly leu leu ser cys phe 

170 180 
arg lys asp leu his lys thr glu thr tyr leu arg val met lys 

190 

cys arg arg phe gly glu ala ser cys ala phe 
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We claim: 



1. A method for acetylating a heterologous polypeptide expressed by 
5 a host microorganism transformed with a DNA sequence encoding said 

heterologous polypeptide, comprising growing said microorganism on a 
fermentation medium having a low concentration of amino acids. 

2. A method according to claim 1, wherein the microorganism is a 
10 bacterium transformed with a recombinant DNA molecule encoding said 

heterologous polypeptide . 

3. bSt where at least one amino acid residue corresponding to the 
lysines at positions 157, 167. 171, and 180 is acetylated. 

15 

4. An animal somatotropin in which at least one lysine residue 
corresponding to residues 157. 167. 171 or 180 of the native somato- 
tropin exemplified in Chart 1 is replaced with an arginine. 

20 5. The animal somatotropin of claim 4, wherein the animal is a 
mammal. 



6. The mammalian somatotropin of claim 5. wherein the mammal is a 
bovine.' 



25 



7. The mammalian somatotropin of claim 5. wherein the mammal is 
porcine. 
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8. The somatotropin of claim 6, wherein all of the lysine residues 
are replaced with arginine. 

9. The somatotropin of claim 6, wherein lysines 157, 167, and 171 
are replaced with arginine and lysine 180 is replaced by glutamine. 

10. The somatotropin of claim 6, wherein lysines 157, 167, 171 and 
180 are replaced, either with arginine or glutamine. 



10 



11. 



The somatotropin of claim 6, wherein lysines 157, 167, 171 and 



180 



are all replaced with glutamine. 
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